Pseudomonas fluvialis sp. nov., a novel member of the genus Pseudomonas isolated from the river Ganges, India and rpoD housekeeping genes confirmed its phylogenetic affiliation and showed identities lower than 93 % with respect to the closest relatives. Phylogenetic analysis based on the 16S rRNA, rpoB, rpoD genes and the whole genome assigned it to the genus Pseudomonas. The results of digital DNA-DNA hybridization based on the genome-to-genome distance calculator and average nucleotide identity revealed low genome relatedness to its close phylogenetic neighbours (below the recommended thresholds of 70 and 95 %, respectively, for species delineation). Strain ASS-1 T also differed from the related strains by some phenotypic characteristics, i.e. growth at pH 5.0 and 42 C, starch and casein hydrolysis, and citrate utilization. Therefore, based on data obtained from phenotypic and genotypic analysis, it is evident that strain ASS-1 T should be regarded as a novel species within the genus Pseudomonas, for which the name Pseudomonas fluvialis sp. nov. is proposed. The type strain is ASS-1 T (=KCTC 52437 T =CCM 8778 T ).
The genus Pseudomonas includes Gram-negative, rodshaped, motile and non-spore-forming bacteria [1] . The Pseudomonads are omnipresent, isolated from various environmental niches such as soil, plants, animals, air, water and clinical samples. On the basis of phenotypic features [1, 2] , 16S rRNA gene sequence similarity [3] , gyrB and rpoD gene sequences [4] and chemotaxonomic data [5] , taxonomy of the genus has been re-defined and several new genera have been carved out of it, some of the examples includes reclassification of Pseudomonas facilis as Acidovorax facilis [6] , Pseudomonas paucimobilis as Sphingomonas paucimobilis [7] , Pseudomonas cepacia as Burkholderia cepacia [8] , Pseudomonas doudoroffii as Oceanimonas doudoroffii [9] , Pseudomonas flava as Hydrogenophava flava [10] , Pseudomonas pickettii as Ralstonia pickettii [11] , Pseudomonas acidovorans as Comamonas acidovorans [12] to name a few. Among Pseudomonads, both beneficial and pathogenic species are known. Species such as Pseudomonas aeruginosa are found to be associated with many human infections [13] , Pseudomonas syringae acts as a plant pathogen [14] , whereas Pseudomonas fluorescens act as beneficial free-living soil bacteria [15] . Some species have been isolated from polluted sites and can be used as good agents of bioremediation [16] . Earlier studies have shown the isolation of Pseudomonads including Pseudomonas putida, P. fluorescens and P. aeruginosa from fresh water systems [17, 18] .
In the present work, we report the detailed characterization of a strain designated ASS-1 T , which was isolated from a sediment sample of the river Ganges at Triveni Sangam, Allahabad (N 25 25¢ 45 †; E 81 52¢ 97 †), India. Strain ASS-1 T was isolated by using the serial dilution method on Phenotypic characterization including Gram-staining, colony morphology and pigment of the strain were studied by standard methods [19] . Cell size and presence of flagella was determined by using a transmission electron microscope (JEOLJEM 2100). Fluorescent pigment production was analysed as described by King et al [20] . Physiological tests such as growth at different temperatures (15, 20, 25, 30, 37, 42 and 50 C) and ability to tolerate different NaCl concentrations (2, 5, 7 and 10 %) were observed on basal TSA medium. The pH conditions (5.0, 7.0, 8.0, 9.0, 10.0 and 12.0) for growth were observed as described by Xu et al. [21] . Citrate utilization (Simmon's), catalase and urea hydrolysis tests were performed as described by Cowan and Steel [22] . Hydrolysis of casein, gelatin, starch, indole, methyl red, Voges-Proskauer (VP) and oxidase tests were done according to Smibert and Kreig [23] . Nitrate reduction was observed according to L anyi [24] . Acid production from different carbohydrates was tested on the minimal medium as described by Smith et al. [25] . For anaerobiosis, the cultures were streaked on TSA plates and placed in an anaerobic jar (MART), which was evacuated and flushed with the anaerobic gas mixture consisting of nitrogen (85 %), carbon dioxide (10 %) and hydrogen (5 %) using an Anoxomat system (MART). Further biochemical characterization of the strains was done by using API ZYM, API 20NE and API 20E systems (BioM erieux) according to the manufacturer's instructions. Fatty acid methyl esters were extracted and analysed by gas chromatography according to the instructions of the Sherlock Microbial Identification System (MIDI) as described previously [26, 27] . For other chemotaxonomic analysis, freeze-dried cell mass was prepared by growing the strain on tryptic soya broth (TSB, HiMedia) for 3 days at 30 C. Extraction of polar lipids was done based on the protocol described by Bligh and Dyer [28] . Lipid identification was done using two-dimensional tin-layer chromatography according to procedures explained by Komagata and Suzuki [29] . For detection of total lipids, phospholipids, aminolipids and glycolipids, different spray reagents: molybdatophosphoric acid (10 % w/v) in 95 % ethanol, molybdenum blue spray reagent (Sigma), ninhydrin (0.2 % w/v) in acetone and anisaldehyde reagent (Sigma), respectively, were used.
The chromosomal DNA of strain ASS-1 T was isolated by using the Zymo DNA isolation kit (Zymo). The 27F (5¢-AGAGTTTGATCCTGGCTCAG-3¢) and 1492R (5¢-TACGGYTACCTTGTTACGACTT-3¢) primers (Sigma Aldrich) were used for amplification of the 16S rRNA gene. The amplified DNA fragment was run on 1 % agarose gel and purified using the QIAquick gel extraction kit (Qiagen). Different primers, 27F, 518R (5¢-ATTACCGCGG CTGCTGG-3¢), 1100R (5¢-GGGTTGCGCTCGTTG-3¢), 926F (5¢-AACT-CAAAGGAATTGACGG-3¢), 685R (5¢-TCTACGCATTTCACCGCTAC-3¢), 357F (5¢-CTCCT ACGGGAGGCAGCAG-3¢) and 1492R, were used for sequencing of the PCR product (Sigma Aldrich) as described by Mayilraj et al. [30] . As the 16S rRNA gene cannot be used solely for species resolution in the genus Pseudomonas [31] , we also selected and analysed the sequence of the housekeeping genes, rpoB and rpoD, to confirm the taxonomic position of the strain. The rpoB gene was amplified and sequenced with primers LAPS and LAPS27 as described by Tayeb et al. [32] . The rpoD gene was amplified and sequenced with primers PsEG30F and PsEG790R as described by Mulet et al. [33] . The dideoxy chain-termination method was used to determine 16S rRNA and rpoB gene sequences by using the Big-Dye terminator kit with ABI 3130 XL Genetic Analyzer (Applied Biosystems). The identifications of the potential phylogenetic neighbours based on 16S rRNA gene sequence similarities were done using the EzBiocloud ( [34] ; www.ezbiocloud.net). The rpoB and rpoD gene sequence was analysed by using the BLASTN algorithm [35] in the GenBank database [36] . The phylogenetic tree based on 16S rRNA gene sequences and concatenated rpoB and rpoD gene sequences was reconstructed by the neighbour-joining method using MEGA version 7.0 to confirm the phylogenetic relatedness of strain ASS-1 T [37] .
For whole genome sequencing, genomic DNA of strain ASS-1 T was isolated by using the ZR-Fungal/Bacterial DNA isolation kit. The quality of the isolated genomic DNA was assessed using agarose gel electrophoresis, Qubit and Nanodrop. The input of 1 µg of genomic DNA sample was used. The Nextera XT DNA sample preparation kit was used for library reconstruction using the standard protocol. Cluster generation and sequencing of libraries were performed on the Illumina MiSeq platform (Illumina) with a 2Â150 bpend run. The paired-end raw-reads containing FASTQ files were assembled using CLC Genomics Workbench software version 9. The genomes of type strains of P. guguanensis JCM 18416
T (FNJJ00000000), P. alcaligenes NBRC14159 T (BATI00000000) and P. toyotomiensis JCM 15604 T (FOXK00000000) were retrieved from the NCBI database and used as references for the determination of digital DNA-DNA hybridization (dDDH) and average nucleotide identity (ANI) values of the query genome of strain ASS-1 T (NMQV00000000). The dDDH was estimated by using the the Genome-to-Genome Distance Calculator (GGDC) [38] . The contig files were uploaded to the GGDC 2.0 Web server (http://ggdc.dsmz.de/distcalc2.php) for dDDH calculations. For analysis, formula 2 was used, as its calculations are independent of genome lengths and is suggested by GGDC for use with any incomplete/draft genome [38] . The ANI calculations were performed with the software JSpecies [39] .
Since the genus Pseudomonas is quite complex and species description depends on phylogenetic analysis of multiple housekeeping genes, therefore, to further resolve taxonomic ambiguity and evolutionary relationships, phylogenetic analysis based on approximately 400 conserved proteins of 11 whole genome sequences (user defined) was performed by using PhyoPhlAn version 0.99 [40] with initial nucleotide conversion to amino acid using Prodigal version 2.6.2 [41] , which were then used as an user input in PhyloPhlAn to reconstruct a phylogenetic tree in which each sequence is aligned separately to >400 marker proteins using integrated MUSCLE algorithm version 3.8.1 [42] . Final reconstruction of the tree was done using FastTree version 2.1.10 [43] and the tree was rendered in Fig Tree version 1.4.3 [44] . The relation of the whole genome sequence of reference strain was based on information from 16S rRNA gene tree.
Cells of strain ASS-1 T were motile by a single polar flagellum (Fig. S1 , available in the online version of this article). The detailed comparative phenotypic characteristics of strain ASS-1 T with the reference species are shown in Table 1 and other characteristic features are mentioned in the species description. Strain ASS-1 T differed from the related strains by some phenotypic characteristics, i.e. positive for growth at pH 5.0 and 42 C, starch and negative for casein hydrolysis and citrate utilization. Most of the chemotaxonomic properties and the fatty acids analysed from the novel strain (presented in the species description) were invariably found in the genus Pseudomonas. Comparative fatty acid profiles between strain ASS-1 T and other related strains were quantitatively different, as shown in Table S1 . The presence of C 16 : 1 !7c/C 16 : 1 !6c, C 18 : 1 !7c/C 18 : 1 !6c C 10 : 0 3-OH, C 12 : 0 , C 12 : 0 3-OH and C 16 : 0 fatty acids further confirms that the strain belongs to the genus Pseudomonas. Major lipids present were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, three unidentified phospholipids and one unidentified polar lipid (Fig.  S2) . These results are consistent with previously published data for species of the genus Pseudomonas [45] . The DNA G+C content of strain ASS-1 T was estimated to be 62.7 mol %, which is within the range (58-69 mol%) for the genus T (98.0 %) and other related strains were below 98.0 %, whereas it showed the lowest sequence identity with Pseudomoas composti, Pseudomonas zhaodongensis and Pseudomonas mosselii. As its closest related strain, P. alcaligenes belongs to P. aeruginosa group, the other related 16S rRNA gene sequences of the strains of the same group were taken and a phylogenetic tree was reconstructed using the neighbour-joining, maximum-likelihood and maximum-parsimony algorithms. Strain ASS-1 T was clustered in a separate branch along with P. guguanensis JCM 18416
T as its closest relative (Fig. 1) . Data from present study. All four strains are positive for growth at/in 15 C, at pH 12.0, oxidase and catalase. All four strains are negative for methyl red, 7 % NaCl. In API ZYM tests, positive for esterase C4, esterase lipase, lipase, leucine arylamidase and napthol-AS-BI-phosphohydrolase. In API 20NE tests, positive for capric acid and malic acid. In API ZYM tests, negative for cysteine arylamidase, a-galactosidase, b-galactosidase, b-glucoronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminase, a-mannosidase and a-fucosidase. In API 20NE tests, negative for indole, D-glucose, urease, aesculin ferric citrate, PNPG, L-arabinose, N-acetylglucosamine, adipic acid and phenyl acetic acid. In API 20E tests, negative for ONPG, L-lysine, L-ornithine, H 2 S, urea, VP, D-mannitol, inositol, sorbitol, D-rhamnose, sucrose, melibiose, amylogladin and L-arabinose. 
based phylogeny (Fig. S3) . The above values concerning sequence similarity of housekeeping genes were much lower than the 97 % threshold established to differentiate species in the genus Pseudomonas [31] . Therefore, the classification of strain ASS-1 T as a novel species was further supported by rpoB and rpoD gene sequence analysis. Further, putative taxonomy and microbial phylogeny of strain ASS-1 T were also inferred by whole genome sequence-based tree. A total of 11 genomes which were closely related to strain ASS-1 T were retrieved and used to reconstruct the genome-based phylogenetic tree. The analysis showed that strain ASS-1 T formed a separate clade with P. guguanensis (FNJJ00000000.1) complimenting the 16S rRNA and rpoB gene-based trees. Further, strain ASS-1 T seemed to diverge quite early in the evolutionary tree from P. aeruginosa, P. nitroreducens, Pseudomonas jinjuensis and Pseudomoas citronellolis thus further augmenting the relationships as revealed in 16S rRNA gene-based phylogeny (Fig. S4) . The T and other related members of the genus Pseudomonas [49] . The optimal tree with the sum of branch length of 0.51219501 is shown. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) are shown next to the branches [50] . The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed using the maximum composite likelihood method [51] and are in the units of the number of base substitutions per site. The analysis involved 55 nucleotide sequences. All positions containing gaps and missing data were eliminated. There were a total of 1258 positions in the final dataset. Evolutionary analyses were conducted in MEGA7 [37] . Circular symbols represent nodes that were also recovered in the maximum-parsimony and maximum-likelihood trees. results based on rpoB and rpoD gene sequencing, and whole genome-based phylogenetic analysis further confirmed that strain ASS-1 T represents a novel species of the genus Pseudomonas.
The whole genome based virtual DNA-DNA hybridization was performed by calculating the GGDC and ANI values between strain ASS-1 T and P. guguanensis CC-G9A T , P. alcaligenes ATCC 14909 T and P. toyotomiensis HT-3
T that revealed values of 22.5, 23.1, 22.0 and 77.08 %, 77.69 and 76.28 %, respectively, which were below the 70 % threshold value for GGDC and 95 % for ANI proposed for the delineation of bacterial species, thus indicating that strain ASS-1 T belongs to a novel species of the genus Pseudomonas (Table S2) [39, 46, 47] . From the genome sequence data, the G+C content of the strain was calculated as 62.7 mol% which was lower than the two most closely related species P. guguanensis (64.1 mol%) and P. alcaligenes (65.3 mol%) with a difference of 1.4 and 2.6 %, respectively. Thus, based on the criteria of maximum 1 % difference in the G+C contents of two strains belonging to the same species it further supports our proposal of the strain as a novel species [48] . Hence, based on the data from phenotypic, phylogenetic analysis and genomic uniqueness of the strain, strain ASS-1 T should be recognized as a novel species of the genus Pseudomonas, for which we propose the name Pseudomonas fluvialis sp. nov. The type strain, ASS-1 T (=KCTC 52437 T =CCM 8778 T ) was isolated from a sediment sample collected from the river Ganges, Triveni Sangam, Allahabad, India. The DNA G+C content of type strain was estimated to be 62.7 mol% from whole genome sequencing. 
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